Petroleum derived plastics dominate the food packaging industry even today. These materials have brought a lot of convenience and attraction to agro, food and packaging industry. These materials also have brought along with them problems relating to the safe-disposal and renewability of these materials. Due to the growing concern over environmental problems of these materials, interest has shifted towards the development and promoting the use of "bio-plastics". Bio-plastic is a term used for sustainable packaging materials derived from renewable resources i.e. produced from agro/food sources, materials such as starch, cellulose, etc. and which are considered safe to be used in food applications. To enhance the mechanical properties, and water barrier properties, it can be blended easily with other polymer as well as nano fillers. The current paper is a review of the progress of research in starch based sustainable packaging materials.
Introduction
Reason for transition from synthetic plastic materials to biobased plastic materials Synthetic polymers or petrochemical-based plastics like polyamides (PA), nylon, polystyrene (PS), Teflon, polyethylene terephthalate (PET), polyethylene (PE) etc. have been widely used for food packaging applications due to their excellent thermal and rheological properties, lightweight, easy to manipulate, and install in a diverse range of applications, gas and water barrier properties, esthetic qualities, and cost [1] . The oil that is used as a raw material, as well as the oil required for energy, consumes between six to eight percent of the total world How to cite this paper: Gadhave, R.V., Das, A., Mahanwar, P.A. and Gadekar, P.T. and synthetic polymeric materials are causing a serious concern in environmental related issues. In particular, the plastic bags which are discarded into the environment have become a menace [5] . Significant quantities of plastic have gathered in the natural environment and in landfills. Wasted plastic also contaminates a wide range of natural terrestrial, freshwater and marine habitats. There are accounts of inadvertent contamination of soils with small polymer fragments as a consequence of spreading sewage sludge [6] , of fragments of plastic and glass contaminating compost prepared from municipal solid waste [7] and of plastic being carried into streams, rivers and ultimately the sea with rain water and flood events [8] . Most polymers are buoyant in water, and since items of plastic debris such as cartons and bottles often trap air, substantial quantities of plastic debris accumulate on the sea surface and may also be washed ashore. As a consequence, plastics represent a considerable proportion (50% -80%) of shoreline debris [9] .
Phthalates based plasticizers and BPA can bio-accumulate in organisms, but there is much variability between species and individuals according to the type of plasticizer and experimental purpose. However, concentration factors are generally higher for invertebrates than vertebrates, and can be especially high in some species of molluscs and crustaceans. Plastics contain phthalates, BPA, flame retardants, cadmium, lead and organo tins, all of which have been shown in animal studies to result in obesity [10] . In addition, the monomer used to manufacture PVC plastic, vinyl chloride, is a known carcinogen and exposure can cause angiosarcoma of the liver among factory workers [11] [12] .
In recent decades, the plastic industry and the academic community have been together looking for new raw materials to replace the petrochemical polymers, which are produced from nonrenewable resources [13] .
Biodegradable plastic made from renewable resources is decreases dependence on petroleum and reduces the amount of waste material, while still yielding a product that provides similar benefits of traditional plastics [14] . The major difference between synthetic polymers and natural polymers is that the presence of oxygen and nitrogen in the natural polymers. The oxygen and nitrogen in the polymer structure permit the polymer to biodegrade [15] . Bio-based polymers have been shown to be a viable alternative to replace these fossil sources while also having environmental advantages, such as decreasing toxic emissions [16] . [19] . Packaging materials with biodegradable plastic is more expensive than traditional petroleum based plastic.
Packaging materials based on these natural materials may be a solution to help control the environmental pollution and resolve other problems posed by non-degradable synthetic polymers [20] .
Biodegradability and Compostability
Bio-based is defined in European standard EN 16575 as "derived from biomass". 
Bioplastic as Packaging Material
Polylactic acid (PLA): Polylactic acid (PLA) is a 100% bio-based plastic that is currently being used in packaging applications. PLA is very suitable for the manufacture of compostable packaging products. Specific benefits of PLA in packaging applications are its transparency, gloss, stiffness, printability, process ability and excellent aroma barrier. PLA is approved for direct contact with food and is applied in a range of packaging products. PLA is frequently used in combination with other bio-based and biodegradable polymers to improve stiffness and strength and to reduce costs.
Cellophane: Cellophane films are highly transparent, and stiff. Cellophane Open Journal of Polymer Chemistry films can be colored and are well known as candy wrappings. The biodegradable films are available in a wide range of grades, and they can be used to pack products ranging from cheese to coffee and chocolate. Starch: Starch based flexible films containing polyesters to improve processability, water resistance and tear strength [24] .
Why Use Starch as Packaging Material?
Starch is used as a starting material for a wide range of green materials. 75% of all organic material on earth is present in the form of polysaccharides. An important polysaccharide is starch. Plants synthesize and store starch in their structure as an energy reserve. Starch is found in seeds and in tubers or roots of the plants. Most of the starch produced worldwide is derived from corn [25] .
Starch is generally extracted from plant resource by wet milling processes. Antimicrobial packaging has two main categories, namely migratory and non-migratory packaging systems.
-Migratory packaging system allows the reversible release of non-volatile or volatile active components from polymer matrix to food constituents or packages headspace by diffusion and/or partition at interfaces.
-In the non-migratory system, the active component is irreversibly tethered to the package's surface and no diffusivity of the antimicrobial agents occur [46] [47].
These additives can be deactivated in the food matrix or migrate out of the food surface towards locations in the food where initial microbial attacks are not taking place [48] [49]. The natural antimicrobial agents have broad spectrum actions against most of pathogenic and food spoilage microorganisms. Additionally, nanomaterials from titanium [50] , magnesium, copper, silver [51] [52], platinum, gold and zinc have also received attention in antimicrobial food packaging due to their large surface-volume ratio [53] . Ternary blend films were prepared with different ratios of starch-polyvinyl alcohol with citric acid to obtain films with better antibacterial, mechanical, and thermal properties [54] . In other work two essential oils, Zataria multiflora Boiss (ZEO) or Mentha pulegium (MEO) at three levels (1%, 2% and 3% (v/v)), were incorporated into starch films using a solution casting method to improve the mechanical and water vapour permeability (WVP) properties and to impart antimicrobial activity. Plants contain polyphenolic compounds and a large number of them were used as antioxidant, antibacterial and antifungal properties [55] [56] [57].
3) Starch based nanocomposite films:
Natural materials such as clay nanofillers with starch use to develop biodegradable nanocomposite packaging films to address issues of environmental im-Open Journal of Polymer Chemistry pact, agriculture sustainability [58] . 7 -9 parts of nano-Montmorillonite in a plastic film has shown high strength, and prepared film is also capable of achieving complete degradation, environment-friendly after being discarded, capable of being prepared into plastic bags, preservative films and the like for food packages, and worthy of large-area popularization [59] . In some case addition of light calcium carbonate and rock powder, not only the qualities of the finished products were improved, but also the cost was reduced by 45% while ensuring a good degradation effect [60] . Addition of nanosilica improved the mechanical properties of the nanocomposite sheets. Tensile strength increased, adversely affecting the elongation at break. The sheets also displayed improved water resistance while those without nanosilica disintegrated within two hours of immersion in distilled water at 25˚C. Food packaging was originally used to protect food against heat, light, moisture, oxygen, microbial attack, insects and other impurities [61] . In one study, a corn starch-based nanocomposite sheet was prepared using nanosilica/from rice hull ash to enhance mechanical and water absorption packaging properties of corn starch [62] . Cellulose nanofillers could be considered as environmental friendly and renewable nanofillers. Nanocrystalline cellulose (NCC) from sugar palm fibers and nanocrystals from sugar palm starch were prospective nano-reinforcement or nano-filler to enhance the properties of sugar palm starch-based films as high-performance packaging material [63] . Nano-clays have been added to various polymeric matrices in very small quantities to improve film properties.
Nano-fillers had also been introduced to induce higher mechanical strength and improve barrier against gases and water vapor. These fillers are capable of improving barrier and mechanical properties by decreasing filler dimensions and also reducing production cost due to lower material consumption. Moreover, Nano-filler reinforcement affects polymer crystallinity, reduces transport and enhanced water absorption. The addition of nanoclay to starch composite films has been found to improve the mechanical strength and transport properties. Micro porous, aluminosilicate minerals like Zeolites can also use as fillers in starch-based films. Studies show that Zeolites leads to the enhancement of Young's modulus and reduction of gas and vapor transport and also water solubility.
Nano-cellulose is also added to starch in order to enhance starch film properties. Based on the results, nano-cellulose leads to the improvement of mechanical properties up to 70%. NCC was used as a nano-scale additive into the starch chitosan and gelatin-chitosan nano-composite films. Chitosan was used to enhance antibacterial and anti-fungal properties. Many investigations were developed on the natural fibers potential as reinforcements for composites [64] [65] Rice flour is a starchy material with low-cost, because it can be produced from rice that is broken during processing. Films from rice starch and rice flour were prepared by casting, with glycerol or sorbitol as plasticizer. Rice flour films prepared had similar mechanical properties to those of starch based films. However, their water vapor permeabilities were two times higher than those of starch based films. The production of biodegradable and edible films from carbohydrates and proteins adds value to low-cost raw materials and can play an important role in food preservation [73] .
It has been found that with increase in glycerol content in the Potato Starch films increased the macromolecular mobility, and the potato starch films became less stiff and more flexible. The transparency was found to decrease [74] . Active and smart biodegradable films from cassava starch and glycerol with 5 wt.% of [75] . These films degraded in soil under two weeks and were thermally stable up to 240˚C. The incorporation of extracts of green tea and basil was found to make films with lower water vapor permeability retaining their flexibility.
5) Starch grafted emulsions for packaging:
Grafting was an important technique for modifying the physical and chemical properties of polymers. The graft copolymerization of synthetic polymers onto a starch backbone was one of the best ways of improving the properties of starch.
Starch grafted on vinyl emulsion also undergoes biodegradation and can be used as sustainable packaging material [76] .
Conclusion
The implementation of sustainable practices will help minimize our impact on the environment and conserve resources for future generations. Industrial progress in packaging technology in future appears to be moving forwards newer breed of bio-materials. To that end, there is a need to perpetuate the culture of environmental stewardship and sustainability that has grown stronger in recent years. Although some of the starch-based materials and other biopolymers may not currently be cost-competitive with petroleum plastics, this may change as petroleum prices continue to increase. Improved the properties of starch-based plastics by blending starch with other polymers, using starch in composite materials, and using starch as a biodegradable feedstock to make other biopolymers have been successful in developing viable replacements for petroleum based plastics. The prospects for starch in the packaging sector continue to become brighter as the market for sustainable plastics drives further innovation and development.
Futuristic Approach
Focused research is needed in bringing more values such as making the packaging material simpler yet smarter, where consumer is able to assess the quality, safety, shelf-life, and nutritional values of the contents of packet with cost effectiveness. The benefits however should not come at the cost of the cost of curing environmental issues and should eco-friendly.
